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A B S T R A C T
Emotional eating (EE), or eating in response to negative emotions, was earlier shown to be associated with
diﬃculty in identifying emotions (alexithymia). To improve our understanding of possible causes of alexithymia
and EE, we assessed possible associations with duration of breastfeeding in infancy. The aim of the present study
was to examine in a prospective, longitudinal study whether duration of breastfeeding is associated with EE in
adolescence, through its eﬀect on alexithymia diﬃculty identifying emotions, and whether this mediation eﬀect
is contingent on gender. Our hypothesis was that longer duration of breastfeeding would be associated with
lower EE in adolescence through its eﬀect on lower alexithymia diﬃculty identifying feelings in boys but not in
girls (Moderated mediation). The sample included 129 children and their families (67 boys and 62 girls).
Duration of breastfeeding was reported by the mother when the infant was 15 months old. Alexithymia diﬃculty
identifying feelings (Toronto Alexithymia Scale) and EE (Dutch Eating Behavior Questionnaire) were reported by
the child at 12 years of age. EE was also reported by the child at 16 years of age. Moderated mediation was
signiﬁcant for EE at 12 years, and borderline signiﬁcant for EE at 16 years. As hypothesized, for boys but not for
girls, longer duration of breastfeeding was related to less diﬃculties in identifying feelings, resulting in lower
degrees of EE in adolescence. It is concluded that breastfeeding in infancy may protect boys against EE through
its positive association with better ability to identify feelings.
1. Introduction
Emotional eating (EE), deﬁned as eating in response to negative
emotions (Van Strien, Donker, & Ouwens, 2016), is associated with
prospective weight gain (Koenders & Van Strien, 2011; Van Strien,
Herman, & Verheijden, 2012), binge eating in adult (clinical) samples
(Klump et al., 2014; Van Strien, Engels, Van Leeuwe, & Snoek, 2005),
and acts as a mediator between depression and weight gain (Van Strien,
Konttinen, Homberg, Engels, & Winkens, 2016; Vittengl, 2018). EE is an
a-typical stress response. The typical stress response is not eating, be-
cause the physiological stress reactions mimic the internal sensations
associated with feeding induced satiety (Gold & Chrousos, 2002). It has
been postulated that the a-typical stress response of EE develops early
in life (Wardle, 1990), as a possible outcome of parental feeding
practices (Carper, Fisher, & Birch, 2000; Van Stien and Bazelier, 2007;
Van Strien, Van Niekerk, & Ouwens, 2009) and more general parenting
practices where there was insuﬃcient regard for the child's needs
(Bruch, 1973; Snoek, Engels, Janssens, & Van Strien, 2007; Escobar
et al., 2014; Zhu, Luo, Cai, Li & Liu, 2014). If parental responses to the
child's needs are continuously inappropriate, be it neglectful, indis-
criminately permissive or over-controlling, the child may develop i)
poor satiety awareness (poor awareness of physiological symptoms
associated with hunger and satiety) and ii) poor emotional awareness
(poor awareness of emotions, resulting in diﬃculty identifying and
describing emotions, also referred to as alexithymia 1) (Garner, 1991).
Poor satiety awareness and alexithymia were indeed shown to be as-
sociated with higher EE (Larsen, van Strien, Eisinga, & Engels, 2006;
Van Strien et al., 2005; Van Strien & Ouwens, 2007). The present study
focusses on the feeding practice of breastfeeding. As will be elaborated
below, there is ample evidence that breastfeeding is associated with
satiety awareness, and that breastfeeding may be associated with EE
through its impact on satiety awareness. In contrast, there is only cir-
cumstantial evidence that breastfeeding may also be associated with
alexithymia. Therefore, the present study aims to examine whether
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duration of breastfeeding is associated with EE in adolescence, through
its eﬀect on alexithymia.
1.1. Breastfeeding and satiety awareness
There is ample evidence that duration of breastfeeding is associated
with satiety awareness. For example, when compared to formula fed
infants, breastfed infants are rated by their mothers to have a better
satiety awareness and appetite regulation (Brown & Lee, 2012; Disantis,
Collins, Fisher, & Davey, 2011; Reyes et al., 2014). Several biological
constituents present in breast milk, but absent in infant formula, could
be responsible for the better satiety awareness of breastfed infants. For
example, breast milk contains many hormones, including leptin. Leptin,
also referred to as the satiety hormone, helps to regulate the energy
balance by inhibiting hunger. A decreased sensitivity to leptin results in
an inability to detect satiety, and has been related to obesity and
emotional eating (Michels, Sioen, Ruige, & De Henauw, 2017;
Schwartz, Woods, Porte, Seeley, & Baskin, 2000). Furthermore, breast
milk changes in energy density and fat content during the day
(Nommsen, Lovelady, Heinig, Lönnerdal, & Dewey, 1991). Breastfed
infants learn to respond to this variation and to match their own intake
to their needs (Brown & Lee, 2012).
1.2. Breastfeeding and alexithymia
In contrast to ample evidence on the positive association of
breastfeeding with a better awareness of satiety, only circumstantial
evidence exists on the possible association of breastfeeding with
awareness of emotions (alexithymia). A link between breastfeeding and
alexithymia could be hypothesized on the following grounds.
First, breastfeeding could be a protective factor for later alexithymia
and emotional eating, because breastfeeding is regarded as a more re-
sponsive style of feeding (Shloim, Shaﬁq, Blundell-Birtill, &
Hetherington, 2018; Shloim, Vereijken, Blundell, & Hetherington,
2017). When breastfeeding, the mother has to rely on the feeding sig-
nals of the infant (e.g. turning head away), rather than on external cues
such as the quantity of milk left in the bottle (Woo & Martin, 2015).
Next to increased responsiveness during the lactation period, breast-
feeding was shown to set the stage for less controlling and more re-
sponsive parental feeding and parenting practices later in childhood
(Brown & Arnott, 2014; Jansen, Mallan, Byrne, Diet, Daniels, &
Nicholson, 2016; Taveras, Scanlon, Bearch, Rifas-Shiman, Rich-
Édwards, & Gillman, 2004; Ventura, 2017; Weaver, Schoﬁeld, & Papp,
2018). For example, a recent study using data from the large NICHD
study found that longer breastfeeding duration predicted increases in
observed maternal sensitivity up to child age 11 years (Weaver et al.,
2018). In turn, more sensitive and cooperative parenting is associated
with lower degrees of the alexithymia aspects diﬃculties identifying
emotions and diﬃculties describing emotions (see the meta-analysis of
Thorberg, Young, Sullivan, & Lyvers, 2011).
Second, unlike formula milk, breast milk contains small amounts of
hormones, (Uvnas-Moberg, 1998). Accumulating evidence suggests that
hormones from the mother ingested through milk, aﬀect the oﬀspring's
own hormonal concentrations and developing brain (Hinde et al.,
2014). Breast milk also includes the hormone oxytocin (OT). OT has
been shown to facilitate socio-emotional abilities, including sensitivity
and attunement to emotional expressions of others. This sensitivity and
attunement is impaired in people with high degrees of alexithymia
(Grynberg et al., 2012), possibly because awareness of others' emotions
is related to awareness of one's own emotions. It can thus by hy-
pothesized that increased exposure to oxytocin, through longer
breastfeeding duration, predicts higher sensitivity to emotional ex-
pressions of others and lower degrees of alexithymia (Luminet,
Grynberg, Ruzette, & Mikolajczak, 2011). Research supports this hy-
pothetical mechanism. For example, the social impairment of men with
high degrees of alexithymia could be remedied by intranasal
administration of oxytocin (Luminet et al., 2011). Moreover, Krol,
Rajhans, Missina, and Grossmann (2015a) found that exclusive
breastfeeding duration was positively associated with attention to
emotional bodily and facial expressions from others. The hypothesis
that oxytocin is the underlying mechanism of this association was
supported in a subsequent study (Krol, Monakhov, San Lai, Ebstein, &
Grossmann, 2015b). In this study, the eﬀect of exclusive breastfeeding
on attention to emotional expressions was shown to be most pro-
nounced in infants with a genotype that was associated with a de-
creased availability of oxytocin (Krol et al., 2015b), perhaps because
the small quantities of oxytocin in breast milk act “as a transcriptional
promotor of the oxytocin gene” (Shafai, Mustafa, Mulari, & Curtis,
2017, p. 80). To our knowledge, however, the hypothesis that shorter
duration of breastfeeding is associated with higher degrees of alex-
ithymia, and subsequently with more EE in adolescence, has not been
investigated.
1.3. Diﬀerential sex eﬀects
The mediation eﬀect of alexithymia in the association between
breastfeeding duration and EE may be moderated by sex (see Fig. 1 for
the model of moderated mediation). Breastfeeding may particularly
protect boys against high degrees of alexithymia. Evidence suggests that
eﬀects of parenting are sex-speciﬁc, as particularly boys seem to be
protected against emotional disorders by responsive parenting (Browne,
Odueyungbo, Thabane, Byrne, & Smart, 2010). Moreover, the eﬀects of
oxytocin on social sensitivity and awareness of emotions have also been
shown to be sex speciﬁc, with no, or even opposite, eﬀects during social
interaction in women. That is, whereas social interactions showed im-
provement in men, the interactions deteriorated in women after oxy-
tocin administration (e.g. Rilling et al., 2014). Combined with the lower
capacity for empathy (Christov-Moore et al., 2014) and the higher
prevalence of alexithymia in men (Levant, Hall, Williams, & Hasan,
2009), we hypothesized that the mediation eﬀect only holds true for
boys.
1.4. Present study
Taken together, breastfeeding duration may be associated with
lower alexithymia because: 1) breastfeeding is associated with a more
responsive style of parenting, which, in turn, is associated with lower
degrees of alexithymia, and 2) the oxytocin present in breast milk may
contribute to a better ability to identify emotions of others, which may
be related to a better ability to also identify one owns emotions.
Together with evidence that alexithymia is positively associated with
EE (e.g. Larsen et al., 2006), we expected alexithymia to be a mediator
between breastfeeding duration and EE. A longer duration of breast-
feeding is hypothesized to be associated with less emotional eating
through a better ability to identify feelings, compared to a shorter
duration of breastfeeding. We focused our hypothesis on the alex-
ithymia aspect identifying feelings, as we suggest that breastfeeding has
an impact on this speciﬁc alexithymia aspect and not the alexithymia
aspect describing feelings. We further expected this hypothesis to be
Fig. 1. Conceptual diagram of moderated mediation: moderation of sex (W) on
the mediation eﬀect of alexithymia identifying feelings (M) between duration of
breastfeeding (X) and EE (Y).
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only true for boys, not girls.
We tested our hypothesis in a prospective longitudinal study.
Duration of breastfeeding was reported by the mother when the child
was 15 months old. Alexithymia and EE were reported by the child at
the age of 12 years. EE was also assessed at 16 years by child self-report.
This enabled us to improve our test of the causal chain, because not
only the predictor but also the mediator preceded emotional eating in
real time. In order to examine whether the moderated mediation model
is speciﬁc for EE, we also assessed the eﬀects of breastfeeding through
alexithymia on external eating (eating in response to external food cues
such as smell and sight of food). External eating was reported by the
child at 12 years and 16 years of age.
2. Method
2.1. Participants
The research questions of this study were addressed using data from
the Nijmegen Longitudinal Study on Infant and Child Development.
This study started in 1998 with a community sample of 129 healthy 15-
month-old children (52% boys) and their primary caregivers. For the
Nijmegen Longitudinal Study on Infant and Child Development, the
following IRB approvals had been obtained: ECSW20213-1811-157 and
ECG2013-1308-123/feature: COM/MB/13U.016212. The families were
recruited on the basis of records from local health-care centers in the
city of Nijmegen (The Netherlands). Families with a 15-month-old baby
were sent an invitation to participate in the study that aimed to gain
more insight into children's development in the ﬁrst years of life. If they
met the two eligibility criteria (i.e., suﬃcient ﬂuency in Dutch and child
without serious health problems) and were interested in participation,
they could return a response card. Of the 639 families approached, 174
replied and 129 families were randomly selected for the study (129
families was the maximum attainable given the time and resources
available for the project at that moment). As indicated by the dis-
tribution of parental and child measures at 15 months, the initial
sample was representative of the Dutch population of families with
young children (Van Bakel & Riksen-Walraven, 2002a, 2002b). In 126
families, the mother was the primary caregiver and in the remainder of
the families this was the father. The primary caregivers were between
22 and 47 years of age at the time of the recruitment.
Of the original sample of 129 children, 111 children participated at
age 12 (Mage= 12.38 years, SD=0.28; 52% boys) and 101 children at
age 16 (Mage= 16.25 years, SD=0.30; 50% boys). See Fig. 2 for an
overview of the recruitment process and drop-out of the study. To de-
termine whether there was selective drop-out or not, the participating
families in the 12- and 16-year assessment were compared to the fa-
milies that did not take part on the study variables included in the
present study (i.e., duration of breastfeeding, and paternal and ma-
ternal level of education). Independent t-tests revealed no signiﬁcant
diﬀerences. Of the children who participated, 104 children had com-
plete data at age 12 (54 boys and 50 girls) and 91 children at age 16 (44
boys and 47 girls).
2.2. Procedure
During a home visit at 15 months, the primary caregiver was in-
terviewed about duration of breastfeeding. At 12 years of age, data was
collected during a home visit after the parents had given informed ac-
tive consent and the children had given verbal assent. During the home
visit, children completed a questionnaire to assess alexithymia, EE and
external eating behaviors. At 16 years of age, schools were asked to give
informed permission for the project after the parents and the children
had given active informed permission to approach the schools. Active
consent was given by the school. Children completed questionnaires on
EE and external eating behaviors during a classroom session.
2.3. Measures
2.3.1. Duration of breastfeeding
Breastfeeding information was collected at 15 months of age re-
garding the duration of breastfeeding in months. Mothers were asked
“Did you breastfeed your baby?”. If they said “no” this was recorded as
“never breastfed.” If they said “yes” they were asked “At what child age
did you stop breastfeeding?”. Maternal recall is found to be a valid and
reliable estimate of breastfeeding initiation and duration, especially
when the duration of breastfeeding is recalled after a short period (Li,
Scanlon, & Serdula, 2008). Duration of any breastfeeding was deﬁned
as the age at which breastfeeding stopped and was expressed as a
continuous variable (in whole and half months).
2.3.2. Alexithymia
At 12 years, alexithymia “diﬃculty identifying feelings” and “dif-
ﬁculty describing feelings” were assessed, respectively, with 7 (e.g. “I
have feelings that I can't quite identify”; Cronbach's alpha 0.71), and 5
(e.g. “It is diﬃcult for me to ﬁnd the right words for my feelings”;
Cronbach's alpha 0.72) items of the Toronto Alexithymia Scale-20 (TAS-
20; Bagby, Parker, & Taylor, 1994; Kooiman, Spinhoven, & Trijsburg,
2002; adjusted for children by Rieﬀe, Oosterveld, & Terwogt, 2006).
The TAS-20 was chosen for the present study, as this questionnaire is
designed to detect individuals who are alexithymic, and because the
TAS-20 outperforms the LEAS (Levels of Emotional Awareness Scale;
Lane, Quinlan, Schwartz, Walker, & Zeitlin, 1990) when it comes to the
assessment of the alexithymia aspect diﬃculty identifying feelings.
Items were rated along a 3-point scale ranging from “disagree” (1) to
“agree” (3). Scores for the scales were obtained by computing the mean
of the items, with higher scores indicating more diﬃculty in identifying
or describing emotions.
2.3.3. Emotional and external eating
At 12 years, EE and external eating were assessed, respectively, with
7 items (“If things go wrong do you get a desire for food?“; Cronbach's
alpha 0.73), and 6 items (“Do you feel like eating whenever you see or
smell good food?“; Cronbach's alpha .071) of the Dutch Eating Behavior
Questionnaire for Children (DEBQ-C). The DEBQ-C is an age-adapted
20-item version of the Dutch Eating Behavior Questionnaire (Van
Strien, 2015), which is suitable for 7–12 year old children (Van Strien &
Oosterveld, 2008). The items had a three-point response format: (1) no
– (5) yes.
At 16 years, EE and external eating were assessed with 6
(Cronbach's alpha 0.94), respectively 7 items (Cronbach's alpha 0.84) of
the brief 20-item version of the adult DEBQ (see also, Van Strien,
Donker, et al., 2016; Paans et al., 2018). The items had a ﬁve-point
response format: (1) never – (5) always. For both versions of the DEBQ,
scale scores were obtained by computing the mean of the items. Higher
scores reﬂect, respectively, more emotional and external eating.
2.3.4. Parental level of education
Paternal and maternal level of education was rated on a 7-point
scale ranging from low (elementary school) to high (college degree or
higher).
2.4. Statistical analyses
All analyses were carried out using SPSS version 23.0 (IBM
Corporation, 2015). Moderated mediation (Fig. 1) was assessed with
the PROCESS macro of SPSS version 23.0, developed by Hayes (2013,
PROCESS macro, model 7). Moderated mediation in Model 7 is ana-
lysed with two regression equations (see Fig. 3, for the statistical dia-
gram). In analysis 1) X, W, and the XW interaction are regressed on the
mediator (M); In analysis 2) M and X are regressed on the dependent
variable (Y). All variables were centred before computing interaction
terms (e.g. sex X duration of breastfeeding, see Fig. 3). Signiﬁcance of
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moderated mediation was tested with Hayes' index of moderated
mediation (Hayes, 2015). A test was deemed signiﬁcant if the 95%
bootstrap bias corrected conﬁdence interval (CI) did not include zero.
Bootstrapping with 5000 samples was used because “bootstrapping
does not impose the assumption of normality of the sampling dis-
tribution” (Preacher & Hayes, 2008, p. 880). In case the index of
moderated mediation of our main research question was not signiﬁcant
at 95% bias corrected CI, we proceeded our analyses with a test of
mediation only (PROCESS macro, model 4, not shown).
To assess the speciﬁcity of our moderated mediation model for the
mediator alexithymia identifying feelings, we also tested the model for
alexithymia describing emotions. In order to examine whether the
above moderated mediation model is speciﬁc for EE, we assessed in an
additional analysis the eﬀects of breastfeeding duration through alex-
ithymia on external eating.
Given that breastfeeding may be positively associated with parental
Fig. 2. Flow chart of the sample of the Nijmegen Longitudinal Study on Infant and Child Development.
Fig. 3. Statistical diagram of moderated mediation: Conditional indirect eﬀect of X on Y through Mi=(a1i + a3iW)bi Direct eﬀect of X on Y= c’.
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level of education (Thulier & Mercer, 2009), it was included as a cov-
ariate in the models. Because paternal and maternal level of education
were highly interrelated (r=0.69), the mean was calculated and in-
cluded in the analyses. Because of high interrelations between EE and
external eating (r > 0.55) we controlled in an additional analysis also
for external eating (in the model with EE as dependent variable), and
for EE in the additional model with external eating as dependent
variable.
3. Results
3.1. Preliminary analyses
Table 1 shows means, standard deviations, and inter-correlations
between the study variables for boys and girls separately. In both sexes,
duration of breastfeeding was not signiﬁcantly associated with alex-
ithymia diﬃculty identifying and diﬃculty describing feelings, and also
not with EE at 12 years or at 16 years of age. Furthermore, alexithymia
diﬃculty identifying feelings was signiﬁcantly associated with EE at 12
years for both boys and girls, and with EE at 16 years for boys only.
Alexithymia diﬃculty identifying feelings and diﬃculty describing
feelings were highly interrelated, and the same held true for EE and
external eating at 12 years and 16 years. Only in girls, parental edu-
cational level was signiﬁcantly associated with EE at 12 years and at 16
years of age.
3.2. Moderated mediation with EE at age 12 years as outcome variable
Fig. 4 shows the results of the moderated mediation analysis
(PROCESS, model 7) with sex as moderator variable (W) and alex-
ithymia identifying feelings at 12 years as mediator (M) in the link
between breastfeeding duration (X) and EE at 12 years of age (Y). In the
model with no confounders, the index of moderated mediation was
signiﬁcant (B= 0.035 (SE= 0.017), 95% BootCI [0.0050, 0.0754]).
Inspection of the conditional indirect eﬀects revealed that there was a
signiﬁcant negative mediation eﬀect of alexithymia diﬃculty identi-
fying feelings for the boys (B=−0.017 (SE=0.01), 95% BootCI
[−0.037, −0.0025]), whereas there was no signiﬁcant mediation ef-
fect of alexithymia diﬃculty identifying feelings for the girls
(B= 0.018 (SE= 0.014), 95% BootCI [−0.0080, 0.0487]). The index
of moderated mediation remained signiﬁcant when controlling for the
possible confounder parental educational level (B=0.036,
(SE= 0.018), 95% BootCI [0.0057, 0.0743]), and the same held true
when we additionally controlled for external eating (B= 0.0253
(SE= 0.0129), 95% BootCI [0.0045, 0.0556]). In all additional models,
there was a 95% Boot CI signiﬁcant negative mediation eﬀect for
alexithymia diﬃculty identifying feelings between duration of breast-
feeding and EE in boys (see Fig. 5 for an illustration of the mediation
eﬀect in the boys).
3.2.1. Speciﬁcity of the model at 12 years for EE
In a subsequent analysis, it was tested whether the model is speciﬁc
for EE by testing the model with external eating instead of EE as de-
pendent variable (Y). Though the index of moderated mediation was
signiﬁcant in the model with no confounders (B=0.0235
(SE=0.0160), 95% BootCI [0.0025, 0.0665]), the index of moderated
mediation was no longer signiﬁcant in the full model when we con-
trolled for parental educational level and EE (B=0.0011
(SE=0.0077), 95% BootCI [−0.0114, 0.0214]). This indicates that the
model is speciﬁc for EE, because the index of moderated mediation
remained signiﬁcant in the initial model with EE as dependent variable,
when additionally controlling for parental educational level and ex-
ternal eating in the full model.
3.2.2. Speciﬁcity of the model at 12 years for alexithymia identifying
feelings
To test the speciﬁcity of the model for alexithymia identifying
feelings, the initial model with EE as dependent variable (Y) was also
tested with the alexithymia scale diﬃculty describing feelings as
mediator (M). The index of moderated mediation was not signiﬁcant
(B=−0.0025 (SE= 0.0100), 95% BootCI [−0.0255, 0.0150]). This
indicates that the model is indeed speciﬁc for alexithymia diﬃculty
identifying feelings.
3.3. Moderated mediation with EE at age 16 years as outcome variable
A limitation of the previous moderated mediation analysis, is that
the mediator and outcome had been simultaneously measured with one
questionnaire at 12 years of age. In order to test the robustness of this
causal chain as a causal chain in real time, we proceeded with re-con-
ducting our analyses using the DEBQ scales on EE and external eating at
16 years of age (n=91). The index of moderated mediation of the
initial model (without confounders) was signiﬁcant (B=0.0242 (Boot
SE= 0.0156), 95% BootCI [−0.0002; 0.0625]). The index of moder-
ated mediation analysis remained signiﬁcant when we controlled for
parental educational level (B=0.0254 (Boot SE=0.0158), 95%
BootCI [0.0007; 0.0651]). When we additionally controlled for external
eating, the index of moderated mediation became borderline signiﬁcant
(90% Boot CI): B= 0.0207 (Boot SE= 0.0150), 90% BootCI [0.0015,
0.0536]. Inspection of the conditional indirect eﬀects in the latter (full)
model revealed that there was a 90% Boot CI borderline signiﬁcant
negative mediation eﬀect of diﬃculty identifying feelings for the boys
Table 1
Pearson correlations and mean and SD of the variables in the boys (below the diagonal) and the girls (above the diagonal).
1. 2. 3. 4. 5. 6. 7. 8.
1. Breastfeeding duration – .18 .26 .03 .12 .09 .13 .12
2. Parental level of education .50** – .02 −.03 .30* .27* .42* .21
3. Diﬃculty identifying feelingsa −.25 −.09 – .39* .36* .20 −.09 −.03
4. Diﬃculty describing feelingsa .07 .08 .57** – .26 .24 −.17 −.17
5. Emotional eating – age 12 −.10 .01 .48** .24 – .57** .36* .09
6. External eating – age 12 .19 .23 .28* .06 .60** – .25 .22
7. Emotional eating – age 16rowhead .06 .05 .38* .25 .28 −.03 – .69**
8. External eating – age 16 .01 −.12 .21 −.06 .08 .15 .29* –
Boys M 3.66 5.16 8.98 7.53 1.61 3.02 1.73 3.16
SD 4.01 1.63 2.48 2.00 0.64 0.78 0.83 0.69
N 67 67 59 59 54 54 47 47
Girls M 3.67 4.75 9.76 7.92 1.80 3.07 2.53 3.08
SD 3.45 1.82 1.94 2.05 0.67 0.76 1.00 0.75
N 62 62 51 51 50 50 48 48
*p < 0.05 (two-tailed); **p < 0.001 (two-tailed).
a Diﬃculty identifying feelings= alexithymia diﬃculty identifying feelings; diﬃculty describing feelings= alexithymia diﬃculty describing feelings.
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(B=−0.0103 (SE= 0.0076), 90% BootCI [−0.0267, −0.0011]),
whereas there was no signiﬁcant or borderline signiﬁcant mediation
eﬀect of diﬃculty identifying feelings for the girls (B= 0.0104
(SE= 0.0110), 90% BootCI [−0.0016, 0.0349]).
3.3.1. Speciﬁcity of the model at age 16 years for EE
In the model with external eating as dependent variable (Y), the
index of moderated mediation of the initial model (without con-
founders) was not signiﬁcant, also not at 90% (BootCI: B= 0.0056
(Boot SE= 0.0085), 90% BootCI [ −0.0051, 0.0232]). This remained
so when controlling for parental educational level and EE (not shown).
3.3.2. Speciﬁcity of the model at age 16 years for alexithymia identifying
feelings
When testing the model with EE as dependent variable (Y) and
alexithymia diﬃculty describing feelings as mediator (M), the index of
moderated mediation was also not signiﬁcant at 95% BootCI or 90%
BootCI (not shown).
4. Discussion
In this prospective study, we tested the hypothesis that breast-
feeding duration is associated with subsequent emotional eating (EE) in
adolescence, through its impact on alexithymia diﬃculty identifying
feelings. We expected this hypothesis to be only true for boys, not girls.
We thus expected that in the boys, a longer duration of breastfeeding
would result in a lower degree of alexithymia identifying feelings,
which, in turn, would result in a lower degree of EE. This hypothesis
was signiﬁcantly supported when investigating EE at 12 years, and
borderline signiﬁcantly supported when investigating EE at 16 years.
We found that breastfeeding duration was not related to alexithymia
and subsequent EE in girls, which is consistent with some circum-
stantial evidence. This evidence suggests that breastfeeding may par-
ticularly protect boys against high degrees of alexithymia, through i)
possible sex-speciﬁc eﬀects of responsive parenting aspects of breast-
feeding, or ii) oxytocin in breast milk (e.g., Browne et al., 2010; Rilling
et al., 2014). Results from previous studies showing that the eﬀects of
exogenous administration of oxytocin on social interactions were only
positive in men, can be explained by the possibility that oxytocin has an
inverted U-shaped dose response function (Feng et al., 2015). Because
women have higher baseline levels of oxytocin compared to men,
raising the oxytocin level in women “might displace them at the right of
the maximum, decreasing brain activity” (Feng et al., 2015, p. 761).
The possibility that oxytocin in breast milk shapes the phenotype of
the oﬀspring would ﬁt in the Lactocrine Programming hypothesis (Bartol,
Wiley, & Bagnell, 2009; Miller, Wiley, Chen, Bagnell, & Bartol, 2013).
Accumulating evidence from animal studies suggests that maternal
hormones, ingested through breast milk, aﬀect oﬀspring development
in a sex-speciﬁc manner (Angelucci, Patacchioli, Chierichetti, & Laureti,
1983; Casolini et al., 1997; Catalani et al., 2002; Hinde et al., 2014;
Sullivan, Hinde, Mendoza, & Capitanio, 2011). Though oxytocin in
breast milk, to our knowledge, is not yet directly investigated in rela-
tion to oﬀspring development, sex-speciﬁc relations have been observed
between oﬀspring behavior and the stress hormone cortisol in breast
Fig. 4. Moderation of sex (W) on the mediation eﬀect of alexithymia identifying feelings (M) between duration of breastfeeding (X) and EE (Y). There is a signiﬁcant
interaction eﬀect of sex. Only in the boys a longer duration of breastfeeding is associated with a subsequent lower degree of alexithymia identifying feelings, resulting
in lower EE (see Fig. 5).
Fig. 5. Mediation eﬀect of alexithymia identifying feelings (M) between duration of breastfeeding (X) and emotional eating (Y) in the boys. The indirect eﬀect of X on
Y is signiﬁcant (B=−0.0167) (Boot SE=0.0094), 95% BootCI [−0.0405, −0.0026].
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milk. For example, increased breast milk cortisol in monkeys was re-
lated to more conﬁdent temperament in male oﬀspring (Sullivan et al.,
2011), but to more nervous and less conﬁdent temperament in female
oﬀspring (Hinde et al., 2014). Additionally, increased milk cortisol was
related to heightened Hypothalamic- Pituitary-Adrenal (HPA)-axis ac-
tivity in female rodent oﬀspring, but to decreased HPA-axis activity in
male rodent oﬀspring (Angelucci et al., 1983). Future research should
investigate breast milk oxytocin to investigate sex-speciﬁc Lactocrine
Programming eﬀects on the oﬀspring, including alexithymia.
It should be noted that, contradictory to our results, results from a
large British study (n > 13500) suggested that breastfeeding had po-
sitive eﬀects on emotional wellbeing, but in women only (Cable,
Bartley, McMunn, & Kelly, 2011). Emotional wellbeing was measured
with items such as “Are you easily upset or frustrated?“. A diﬀerence
with our study was that the British study was conducted in two earlier
cohorts (born in 1958 and 1970), where “most members of both cohorts
were breastfed for< 1 months or not breastfed at all” (Cable et al.,
2011, p. 654). As a result, a dichotomous variable was created that
indicated whether the child received breastfeeding for≥1 months (yes)
or less than<1 month (no). In our study, 27% of the infants was
breastfed for less than one month, and thus most infants were breastfed
for longer. It can be questioned whether a brief period of breastfeeding,
like in the British cohorts, is associated with responsive parenting and/
or suﬃcient exposure to breast milk hormones to have positive Lacto-
crine Programming eﬀects for boys. For the girls, as they have higher
baseline levels of oxytocin (Feng et al., 2015), this brief period may
have been suﬃciently short to show positive eﬀects of oxytocin on later
emotional well-being, but this hypothesis clearly needs testing.
The ﬁnding that the observed moderated mediation eﬀect only held
true for emotional eating, and not external eating (when adjusted for
external eating, respectively emotional eating), adds to the literature
showing that emotional and external eating, though highly interrelated
(r > 0.50), should be conceived as distinct constructs with a diﬀerent
etiology and external validity (Van Strien, Herman, & Verheijden, 2009;
Van Strien, Herman, & Anschutz, 2012; Van Strien, Konttinen, et al.,
2016). The same holds true for our ﬁnding that our moderated med-
iation model was speciﬁc for alexithymia diﬃculty identifying feelings,
similarly suggesting that alexithymia identifying and describing feel-
ings are diﬀerent constructs (see also, Tull, Medaglia, & Roemer, 2005).
Of note, alexithymia was assessed with a child version of the TAS,
and not with the performance based LEAS (Levels of Emotional
Awareness Scale; Lane et al., 1990). The LEAS asks participants to de-
scribe their anticipated feelings and those of another person for each of
20 scenes (vignettes) (Lane et al., 1996). Though the LEAS seems to
outperform the TAS when it comes to the assessment of the alexithymia
aspect diﬃculty describing feelings, the TAS outperforms the LEAS
when it comes to the assessment of the alexithymia aspect diﬃculty
identifying feelings (Lane et al., 1996). Hence, for our present research
question, the TAS is the instrument of choice. It is nevertheless re-
commended to replicate the present study using the LEAS, to assess
whether our present results are robust for diﬀerences in the measure-
ment of alexithymia.
A strength of this study is that we covered a long-term longitudinal
time-span of 15 years with a low attrition rate. Moreover, similar results
were obtained with the child version of the DEBQ (DEBQ-C) at 12 years,
and the 20-item adult version of the DEBQ at 16 years, which gives
conﬁdence in the robustness of the obtained results. A limitation of the
current study is the use of self-reports. Participants may, for reason of
social desirability, have disavowed their EE and external eating. Social
desirability concerns, however, are not limited to studies that rely on
self-reports. Social desirability may also aﬀect behavior in direct tests of
food intake, where speciﬁcally obese people may be motivated to avoid
overeating, owing to the deviant status of obesity in our culture (Krantz,
1978). A problem with the measurement of alexithymia by self-report is
that people who have diﬃculties to identify their feelings are asked to
judge their own deﬁcit in identifying feelings (Lane et al., 1990). Our
measure of breastfeeding was collected from maternal recall through
interviews at 15 months of infant age. Maternal recall is found to be a
valid and reliable estimate of breastfeeding initiation and duration,
especially when the duration of breastfeeding is recalled after a short
period (Li et al., 2008). However, a limitation of our breastfeeding
measure is that it does not diﬀerentiate between exclusive breast-
feeding versus mixed feeding (a combination of breastfeeding and for-
mula feeding). Some research has suggested that the beneﬁts of
breastfeeding might be more pronounced for exclusively breastfeeding
mothers (Edwards, Thullen, Henson, Lee, & Hans, 2015). As the amount
of feedings not only predicts the amount of milk hormones ingested, but
might also reﬂect responsive parenting styles, it is important for future
research to not only take into account the duration of breastfeeding, but
also the amount of feedings an infant receives per day.
Another strength of our study is that, as indicated by the distribu-
tion of parental and child measures at 15 months, the sample was re-
presentative of the Dutch population of families with young children
(Van Bakel & Riksen-Walraven, 2002a, 2002b). However, due to con-
straints in time and resources, our sample was relatively small, with
104 children having complete data at age 12, and 91 children having
complete data at age 16. Future research should replicate our ﬁndings
in larger samples.
Another factor for future research to take into account is whether
infants are fed on-demand or at scheduled intervals. The composition of
human milk, i.e., low protein and fat content, is indicative of a con-
tinuous, on-demand, feeding schedule, as is seen in a multitude of tribal
cultures (Jansen, de Weerth, & Riksen-Walraven, 2008). The practice of
scheduling feeds has developed in Western civilization in order to ac-
commodate working mothers, although on-demand breastfeeding is
also seen. Breastfeeding on demand or at scheduled intervals may be
particularly important when investigating the quality of parenting as-
sociated with these two types of breastfeeding. The ‘Start Healthy
Feeding Guidelines for Infants and Toddlers’ of the American Dietetic
Association recommend responsive parenting, recognizing and appro-
priately responding to infant hunger and satiety cues, including feeding
on demand (Butte et al., 2004). Breastfeeding on demand might be
especially related to responsive parenting, and subsequent less con-
trolling and more responsive parental feeding and parenting practices
later in childhood, when compared to breastfeeding at scheduled in-
tervals, but this hypothesis needs further testing. This type of future
research should also include attachment style, next to responsive par-
enting, as a mediator between breastfeeding practices and alexithymia.
It has, for example, been found that breastfeeding duration predicts
secure attachment at 24 months, irrespective of maternal sensitivity
(Weaver et al., 2018), and also that features of anxious and avoidant
insecure attachment styles are diﬀerentially related to separate facets of
alexithymia (Oskis et al., 2013). Breastfeeding practices, including
duration, amount and style of breastfeeding, could thus predict both
responsive parenting and attachment style. Both, in turn, may in-
dependently predict alexithymia.
5. Conclusion
Breastfeeding in infancy may protect boys, but not girls, against
emotional eating through its positive association with a better ability to
identify feelings.
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